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K1A O G 1  

INTRODUCTTON 

Under h y d r o c r a c k i n g  c o n d i t i o n s ,  heavy o i l s  produce d e p o s i t s  t h a t  
accumula te  on t h e  c a t a l y s t  s u r f a c e .  By p o i s o n i n g  and by h i n d e r i n g  a c c e s s i b i l i t y  
of t h e  a c t i v e  s i tes,  t h e s e  d e p o s i t s  c a u s e  f o u l i n g  of t h e  c a t a l y s t .  M a t e r i a l  
that is  so d e p o s i t e d  i s  e i t h e r  o r i g i n a l l y  p r e s e n t  i n  t h e  f e e d ,  such  as heavy 
m e t a l s  and m i n e r a l s ,  or i s  formed d u r i n g  h y d r o c r a c k i n g .  such as coke .  Not a l l  
d e p o s i t s  d e a c t i v a t e  t h e  s u r f a c e  a t  t h e  same r a t e .  I t  was e s t a b l i s h e d  by r e p e a t e d  
r e g e n e r a t i o n  t h a t  r a p i d  f o u l i n g  under  t y p i c a l  bi tumen hydrocracking  c o n d i t i o n s  
i s  caused p r i m a r i l y  by coke  f o r m a t i o n  ( 1 ) .  To o b t a i n  a l o n g e r - l a s t i n g  formu- 
l a t i o n ,  c a t a l y s t  deve lopment  should  t h e r e f o r e  f o c u s  on t y p e s  t h a t  resist coke 
format ion .  Such a n  e f f o r t  would i n v o l v e  a s y s t e m a t i c  approach  t o  c a t a l y s t  
p r o d u c t i o n  based on i n f o r m a t i o n  o b t a i n e d  i n  a g i n g  t e s t s .  

To d e t e r m i n e  t h e  t r u e  ag ing  c l i a r a c t e r i s l i c s ,  a c t u a l  p r o c e s s i n g  cond- 
i t i o n s  m u s t  be  m a i n t a i n e d  b e c a u s e  they  a f f e c t  p r o d u c t  f o r m a t i o n  and t h e r e b y  
a l s o  t h e  p r o c e s s  of d e a c t i v a t i o n .  However, a s e r i o u s  d i s a d v a n t a g e  of  a g i n g  
t e s t s  under  a c t u a l  p r o c e s s i n g  c o n d i t i o n s  is t h a t  they  a r e  s low and t h u s  consume 
a g r e a t  d e a l  of t i m e  and manpower. The t ime involved  becomes c r i t i c a l  i f  a g i n g  
c h a r a c t e r i s t i c s  a r e  r e q u i r e d  f o r  a l a r g e  number of c a t a l y s t s .  It  is t h e  purpose 
of t h i s  r e p o r t  t o  d e s c r i b e  a t e c h n i q u e  t h a t  s i m u l a t e s  c a t a l y s t  a g i n g  and pro- 
v i d e s  p r e l i m i n a r y  i n f o r m a t i o n  i n  a much s h o r t e r  t ime.  

EXPERIMENTAL EQUIPMENT AND MATERIALS 

A bench-sca le  f ixed-bed  r e a c t i o n  system was u s e d ,  i n  which t h e  

The equipment  was 
bi tumen mixed w i t h  hydrogen  flowed up through t h e  c a t a l y s t  bed c o n t i n o u s l y .  
L i q u i d  and vapour  were s e p a r a t e d  in r e c e i v e r  v e s s e l s .  
p r e v i o u s l y  d e s c r i b e d  i n  d e t a i l  ( 2 )  bu t  t h e  f o l l o w i n g  m o d i f i c a t i o n s  were made 
t o  accommodate t h e  p a r t i c u l a r  r e q u i r e m e n t s  of t h e  p r e s e n t  s t u d y  ( 3 ) :  

1. Bitumen was s t o r e d  i n  a h e a t e d  hopper  from which i t  c o u l d  be  f e d  through 
t a p s  i n t o  t w o  1000-mL b u r e t t e s  i n  a hea ted  p l a s t i c  c a b i n e t .  With a l i g h t  
p o s i t i o n e d  behind  t h e  c a b i n e t  a n d , t h e  i n s i d e  of  t h e  c a b i n e t  hea ted  t o  
about  75OC, i t  w a s  p o s s i b l e  t o  moni tor  t h e  feed  l e v e l  i n  t h e  b u r e t t e s .  
A Mil ton  Roy "Cons tamct r ic"  p u m p ,  model numbcr 'TCP 4 3 - 4 3  TJ. was used to  
f e e d  t h e  bi tumen through hea ted  l i n e s  i n t o  tlic r e a c t o r .  A p r e s s u r e  gauge 
w a s  p l a c e d  a t  t h e  pump o u t l e t  t o  m o n i t o r  p r e s s u r e  a t  t h e  pump head.  

TO r e d u c e  t h e  r e a c t o r  volume, a s t a i n l e s s  steel i n s e r t  w a s  machined t o  f i t  
i t ,  r e d u c i n g  t h e  i n s i d e  d i a m e t e r  t o  1 .27 cm from 2 . 5 4  cm b u t  m a i n t a i n i n g  
l e n g t h  a t  30.5 c m .  

2. 

146 



The c a t a l y s t  s e l e c t e d  f o r  compara t ive  r u n s  was a commercial  type  
Harshaw 0603T w i t h  3 w t  Z COO and 1 2  w t  % MOO s u p p o r t e d  o n  a l u m i n a . i n  t h e  
form o f  c y l i n d r i c a l  3.2-mm p e l l e t s .  About 1 5 8  g of  t h i s  c a t a l y s t  r e p r e s e n t e d  
a f u l l  r e a c t o r  l o a d  b u t  on ly  about  30 g c o u l d  be loaded  w i t h  t h e  i n s e r t .  The 
r a t e  of  a g i n g  w a s  e v a l u a t e d  u s i n g  Athasbasca  bitumen o b t a i n e d  from Grea t  
Canadian O i l  Sands Limited a t  F o r t  McMurray, A l b e r t a .  P r o p e r t i e s  of  t h e  feed-  
s t o c k  are l i s t e d  i n  T a b l e  1. 

TABLE I 

P r o p c r t  ies of htliah;isca Uitumcn 

S p e c i f i c  g r a v i t y  1.009 (15/15OC) Benzene i n s o l u b l e s  0.72 w t %  
Sulphur  4 .48  w t X  Carbon 86.36 w t %  
Ash 0.59 w t %  Hydrogen 10.52 w t %  
Conradson Carbon Kesidue 13.3 w t Z  Ni t rogen  0.45 w t %  

1 5 . 5  w t Z  l ' i t ch  (525OC+) 51.5 w t 9 .  Pentane  i n s o l u h l e s  

OPERATING CONDITIONS 

The c o n d i t i o n s  t h a t  a f f e c t  c a t a l y s t  d e a c t i v a t i o n  i n  a cont inuous  

The hydrocracking  p r o c e s s  c o n s i s t s  of a number of complex 
f low system a r e  t e m p e r a t u r e ,  hydrogen p r e s s u r e ,  hydrogen f low r a t e  and l i q u i d  
s p a c e  v e l o c i t y .  
r e a c t i o n  s t e p s ,  i n i t i a l l y  i n v o l v i n g  v a r i o u s  c o n s t i t u e n t s  of  bi tumen.  C a t a l y t i c  
p r o c e s s e s  on a c t i v e  s u r f a c e  s i tes  p a r t i c i p a t e  i n  some o f  t h e  r e a c t i o n  steps. 

Although i t  would be d i f f i c u l t ,  because  of complexi ty  of  t h e  react- 
i o n s ,  t o  p r e d i c t  a c c u r a t e l y  t h c  Lmpact of changes  of any p r o c e s s i n g  c o n d i t i o n .  
some o v e r a l l  e f f e c t s  c a n  be d e r i v e d  from t h e  fundamenta ls  o f  r e a c t i o n  k i n e t i c s .  
The r a t e  of i n d i v i d u a l  r e a c t i o n  s t e p s  v a r i e s  w i t h  t e m p e r a t u r e  and c o n c e n t r a t i o n  
of r e a c t a n t s .  
i n g  tempera ture ,  whereas  hydrogenat ion  r e a c t i o n s  a c c e l e r a t e  w i t h  i n c r e a s i n g  
hydrogen p r e s s u r e .  Coke [ormation depends on  t h e  r a t e s  of c r a c k i n g  and dehydro-  
g e n a t i o n ,  fol lowed by p o l y m e r i z a t i o n .  T h e r e f o r e  c o k e  f o r m a t i o n  accelerates w i t h  
i n c r e a s i n g  tempera ture  and d e c r e a s i n g  hydrogen p r e s s u r e .  

Cracking  r e a c t i o n s  a r e  endothermic  and a c c e l e r a t e  w i t h  i n c r e a s -  

The c o n d i t i o n s  f o r  "s imula ted  ag ing"  were chosen by per forming  a 
series of  s c r e e n i n g  e x p e r i m e n t s  t o  i n v e s t i g a t e  t h e  e f f e c t  o f  v a r i a t i o n s  i n  
space  v e l o c i t y  and t e m p e r a t u r e .  The e f f e c t  of  hydrogen p r e s s u r e  on ca ta lys t  
a g i n g  w a s  s t u d i e d  p r e v i o u s l y  u s i n g  a d i f f e r e n t  e x p e r i m e n t a l  sys tem ( 4 ) .  
t h e  p r e s e n t  s t u d y ,  t h e  hydrogen p r e s s u r e  was main ta ined  c o n s t a n t  a t  13.9 MPa 
f o r  a l l  t e s t s ,  which is w i t h i n  t h e  p r a c t i c a l  r a n g e  f o r  hydrocracking .  A sat- 
i s f a c t o r y  e f f e c t  c o u l d  n o t  have been a c h i e v e d  by v a r y i n g  o n l y  s p a c e  v e l o c i t y ;  
a n  i n c r e a s e  i n  t e m p e r a t u r e  w a s  a l s o  n e c e s s a r y  t o  r e d u c e  a g i n g  t ime s u f f i c i e n t l y .  
A f t e r  some p r e l i m i n a r y  e x p e r i m e n t a t i o n ,  o p t i m y  d e a c t i v a t i o n  c o n d i t i o n s  were 
found t o  p r e v a i l  w i t h  a s p a c e  v e l o c i t y  of  5 h 

I n  

and a t  a t e m p e r a t u r e  of  495OC. 

The f o l l o w i n g  series of tests under  d i f f e r e n t  o p e r a t i n g  c o n d i t i o n s  
a r e  documented i n  t h e  p r e s e n t  r e p o r t :  

S e r i e s  1 

True  o r  base  d e a c t i v a t i o n  t a t ' s  were measured a t  45OoC and a t  a l i q u i d  volumet- 
r i c  s p a c e  v e l o c i t y  o f  1 h- based o n  t h c  r e a c t o r  vo  ume packed w i t h  t h e  c a t a l y s t  
p e l l e t s .  The c o r r e s p o n d i n g  feed  ra te  was 152 mL h as no i n s  r t  was p laced  i n  
t h e  r e a c t o r .  The hydrogen f low rate w a s  m a i n t a i n e d  a t  35.6 cm's-l a t  STP. T h i s  
test is r e f e r r e d  t o  a s  t r u e  a g i n g  and  was r u n  c o n t i n u o u s l y  f o r  56 h o u r s ,  and 
then  p e r i o d i c a l l y  in f i v e  - to  e i g h t - h o u r  i n t e r v a l s ,  t o t a l l i n g  a b o u t  200 hours  
i n  a l l .  Analyses  were performed on samples  of  t h e  l i q u i d  p r o d u c t  accumulated 
i n  two t o  f i v e  hour's of  o p e r a t i o n .  

-i 
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S e r i e s  2 

High s p a c e  v e l o c i t y  tests were performed under  t h e  same c o n d i t i o n s  as  f o r  t r u e  
a g i n g  - 1 3 . 9  m a ,  450°C. and w i t h o u t  i n s e r t  - e x c e p t  f o r  a d i f f e r e n t  a r rangement  
of space  v e l o c i t i e s .  C a t a l y s t  a g i n g  w a s  c a r r i e d  o t i n  two 12-hour p e r i o d s  
d u r i n 5  YPich space v e l o c i t y  w. ib  m a i n t a i n e d  :it 5 Ii 

95 c m  s a t  STP. 
was d e t  rm'ned by changing  t h e  s p a c e  v e l o c i t y  to  1 h- , t h e  hydrogen f low t o  
35.6 c>s-* a t  STP f o r  two hours  and a n a l y z i n g  t h c  l i q u i d  sample t h a t  accumulated 
d u r i n g  t h e s e  two h o u r s .  

S c r i c s  3 

-Y , and t h e  hydrogen f low a t  
The l e v e l  of n c t i v i t y .  i n i t i a l l y  anf a f t e r  e a c h  12-hour p e r i o d  

Simulated d e a c t i v a t i o n  rates were measured a t  h igh  tempera ture  and h i g h  space  
v e l o c i t l .  
of 5 h . 
was 181 mL.h . The hydrogen f low r a t e  was main ta ined  a t  a b o u t  70 cm3s-' a t  STP. 
The s e r i e s  was r e f e r r e d  t o  as  s i m u l a t e d  a g i n g  and was r u n  c o n t i n o u s l y  f o r  32 
hours .  The l i q u i d  product  t h a t  accumula ted  d u r i n g  e a c h  hour o f  o p e r a t i o n  was 
withdrawn f o r  a n a l y s i s .  

S e r i e s  4 

A l i n k  between s i m u l a t e d  a g i n g  and t r u e  a g i n g  w a s  sought  by a d d i t i o n a l  tests i n  
t h e  f o l l o w i n g  manner. The s i m u l a t e d  a g i n g  c o n d i t i o n s  were a p p l i e d  f o r  a p e r i o d  
of t i m e  and were t h e n  changed t o  match t h e  t r u e  a g i n g  c o n d i t i o n s  f o r  approximate ly  
two hours  d u r i n g  which two l i q u i d  samples  were o b t a i n e d .  The r u n  was then  
t e r m i n a t e d ,  thc r e a c t o r  r c - lo ; idcd  w i t h  a frcssli c a t a l y s t ,  and t h e  tes t  was rep-  
e a t e d  f o r  a d i f f e r e n t  t ime p e r i o d  under  s i m u l a t e d  a g i n g  c o n d i t i o n s .  Three  
d i f f e r e n t  time p e r i o d s  - 2, 4 and 6 h o u r s ,  r e s p e c t i v e l y  - under  s i m u l a t e d  a g i n g  
c o n d i t i o n s  were examined. 
a g i p g  t e s t  w a s  run  a t  495OC w i t h  t h e  f e e d  r a  e of 760mL.h- , s p a c e  v e l o c i t y  of 
5h , and t h e  hydrogen f l o w  r a t e  a t  70 cm3s-' a t  ST1'. 

T h i s  tes t  was r u n  a t  495OC and a l i q u i d  v o l u m e t r i c  s p a c e  v e l o c i t y  
Thy i n s e r t  w a s  p laced  i n  t h e  r e a c t o r  and t h e  c o r r e s p o n d i n g  f e  d rate 

N o  i n s e r t  was p laced  i n  t h c  r c a f t o r  and t h e  s i m u l a t e d  

S e v e r a l  p r o c e s s i n g  c o n d i t i o n s  were a p p l i e d  d i f f e r e n t l y  i n  e a c h  s e r i e s  
of t e s t s .  For i n s t a n c e ,  i n  S e r i e s  2. t h e  s p a c e  v e l o c i t y  was f i v e  times g r e a t e r  
t h a n  i n  S e r i e s  1, whereas  t h e  g a s  f l o w  r a t e  was only  a b o u t  t h r e e  times g r e a t e r .  
I n  S e r i e s  1, t h e  g a s  f1ow:feed r a t i o  w a s  lower t h a n  i n  S e r i e s  3 ,  b u t  h i g h e r  
than  i n  t h e  s imula ted  a g i n g  i n  S e r i e s  4 .  I n  a d d i t i o n ,  t h c  1 e n g t h : d i a m e t e r  r a t i o  
was i n c r e a s e d  i n  S e r i e s  3 by p l a c i n g  t h e  i n s e r t  i n  t h e  r e a c t o r ,  t h e r e b y  i n c r e a s -  
ing  t h e  l i n e a r  v e 1 o c i t y : s p a c e  v e l o c i t y  ra t io  through t h e  c a t a l y s t  bed.  The 
use  of t h e  i n s e r t  and v a r y i n g  f low reg ime r e s u l t e d  from e x p e r i e n c e  w i t h  t h e  
exper imenta l  system and f a c i l i t a t e d  smooth o p e r a t i o n .  The changes made were 
necessary  t o  prevent  t h e  r e a c t o r  p l u g g i n g  and to  m a i n t a i n  t e m p e r a t u r e  p r o f i l e s  
w i t h i n  t h e  catalyst  bed.  

Thc impact 01 incrc ; i s ing  t e m p e r a t u r e  and s p a c e  v c l o c i t y  i s  d i s c u s s e d  
i n  t h e  next  s e c t i o n  of  t h i s  r e p o r t .  V a r i a t i o n s  i n  hydrogen f l o w  a r e  n o t  con- 
s i d e r e d  s i g n i f i c a n t  f o r  t h e  p u r p o s c  o f  t h i s  i n v e s t i g a t i o n ,  because  a n  e x c e s s  
of hydrogen was used i n  a l l  e x p o r i m e n t s  and because  hydrogen f l o w  seemed t o  
e x h i b i t  o n l y  a small e f f e c t  on p r o d u c t  f o r m a t i o n  ( 5 ) .  

RESULTS AND DISCUSSION 

True Aging 

The d e a c t i v a t i o n  p a t t e r n  is shown i n  F ig .1  i n  terms of a n  i n c r e a s e  i n  
t h e  s p e c i f i c  g r a v i t y  of the l i q u i d  product  and an i n c r e a s e  in  its s u l p h u r  
c o n t e n t .  I t  can b e  p r e d i c t e d  by e x t r a p o l a t i o n  t h a t  f u r t h e r  d e a c t i v a t i o n  would 
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be recorded  beyond 200 h o u r s  of o p e r a t i o n .  However, i t  c a n  be  seen  t h a t  de-  
a c t i v a t i o n  is more r a p i d  i n  t h e  e a r l y  s t a g e s  of t h e  t es t  t h a n  i n  t h e  l a t e r  
s t a g e s .  S i n c e  d e a c t i v a t i o n  d e c e l e r a t e s  w i t h  t i m e .  t h e  c u r v e s  i n  F i g . 3  may 
e v e n t u a l l y  l e v e l  o f f ,  i n d i c a t i n g  a c o n s t a n t  a c t i v i t y .  The d e c e l e r a t i n g  de-  
a c t i v a t i o n  is i n  agreement  w i t h  r e s u l t s  of a p r e v i o u s  s t u d y  which a l s o  showed 
t h a t  t h i s  l e v e l i n g - o f f  is r e l a t i v e l y  more pronounced and t a k e s  p l a c e  e a r l i e r  
w i t h  i n c r e a s i n g  hydrogen p r e s s u r e  ( 4 ) .  Whether a s t a t e  o f  c o n s t a n t  a c t i v i t y  
i n  f a c t  e x i s t s  is n o t  known as t h e  p a t t e r n s  i n  F i g . 1  c a n n o t  be  e x t r a p o l a t e d  
w i t h  any p r e c i s i o n .  Furthermore.  t e s t s  c a r r i e d  o u t  c o n t i n u o u s l y  f o r  l o n g e r  
than 200 h o u r s  of o p e r a t i o n  are  n e c e s s a r y  t o  d e t e r m i n e  d e a c t i v a t i o n  p a t t e r n s  
t h a t  a r e  u n a f f e c t e d  by s t a r t - u p  and shut-down p r o c e d u r e s .  These long-term 
t e s t s  a r e  to  be performed on a s p e c i a l  t e s t i n g  system p r e s e n t l y  under  con- 
s t r u c t i o n .  

High Space V e l o c i t y  

The r e s u l t s  of t h e  h igh  space  v e l o c i t y  tests i n c l u d e d  a n a l y t i c a l  
d a t a  on  l i q u i d  p r o d u c t  samples  o b t a i n e d  f o r  bo th  h igh  and b a s e  s p a c e  v e l o c i t i e s  
of t h i s  s e r i e s .  The r e s u l t s  f o r  t h e  b a s e  s p a c e  v e l o c i t i e s  s e r v e d  a s  a measure 
of d e a c t i v a t i o n  a f t c r  comple t ing  a p e r i o d  w i t l i  h igh  s p a c e  v e l o c i t y .  The de- 
a c t i v a t i o n  i s  i n d i c a t e d  i n  t h e  l e f t - h a n d  s i d e  o f  F i g . 1 ,  

A f i v e - f o l d  i n c r e a s e  i n  feed ra te  had an i n s i g n i f i c a n t  e f f e c t  o n  t h e  
r a t e  of d e a c t i v a t i o n .  One could  r a t i o n a l i z e  t h i s  f i n d i n g  by assuming t h a t  
lower c o n v e r s i o n s  caused  by reduced r e s i d e n c e  t i m e  would compensate  f o r  t h e  
g r e a t e r  feed  r a t e  i n  r e l a t i o n  t o  coke f o r m a t i o n .  However. a more d e t a i l e d  
a n a l y s i s  would r e v e a l  t h a t  t h e  r e l a t i o n s h i p  between t h e  s p a c e  v e l o c i t y  and t h e  
r a t e  of  d e a c t i v a t i o n  may be  more complex, main ly  because  of  t h e  mult icomponent  
s t r u c t u r e  of  t h e  r e a c t i o n  system. The c o n c e n t r a t i o n  of r e a c t i o n  c o n s t i t u e n t s  
depends on  t h e x a t e s  of  t h e i r  format ion  and d e p l e t i o n .  Thus t h e  to ta l  y i e l d  o f  
a component may n o t  he a monotonic f u n c t i o n  of t h e  r e s i d e n c e  t i m e .  I f  some 
coke p r e c u r s o r s  react f a s t e r  than  o t h e r s ,  t h e n  t h e i r  p a r t i c i p a t i o n  i n  t o t a l  cokc 
format ion  depends on  t h e  s p a c e  v e l o c i t y ,  a change i n  which may c o n s e q u e n t l y  be 
r e f l e c t e d  i n  both  t h e  q u a n t i t y  and t h e  q u a l i t y  of t h e  coke  d e p o s i t s .  I n  a d d i t i o n  
t o  chemical  phenomena, mechanica l  r e g e n e r a t i o n  may t a k e  p l a c e  whereby p a r t i c l e s  
of coke are d e t a c h e d  from t h e  s u r f a c e  by a b r a s i o n  or by d i s s o l u t i o n  o f  t h e  bind-  
ing  carbonaceous  m a t e r i a l .  Should n s imi l a r  p r o c e s s  t a k e  p l a c e  w h i l e  bi tumen 
is used,  i t  would b e  enhanced by i n c r e a s i n g  t h e  s p a c e  v e l o c i t y .  

The h igh  space  v e l o c i t y  s e r i e s  i n d i c a t e d  t h a t  t h e  d e s i r e d  e f f e c t  
could  n o t  be  e s t a b l i s h e d  by changing t h e  s p a c e  v e l o c i t y  a t  b a s e  t e m p e r a t u r e .  
To a c c e l e r a t e  a g i n g  s u b s t a n t i a l l y ,  t h e  c a t a l y s t  f o u l i n g  was s i m u l a t e d  a t  a 
h i g h e r  r e a c t i o n  t e m p e r a t u r e .  The term s i m u l a t e d  a g i n g  is used  t o  emphasize 
t h e  s e v e r e  consequences of  t h e  change i n  t e m p e r a t u r e .  

Simulated Aging 

The r e s u l t s  of  t h e  s imula ted  a g i n g  tests a r e  shown i n  F i g . 2 .  The 
a c t i v i t y  dropped r a p i d l y  i n  t h e  f i r s t  p e r i o d  of  t h e  r u n ,  l e v e l e d  o f f ,  and 
remained approximate ly  c o n s t a n t  beyond 1 5  h o u r s  of  o p e r a t i o n .  

The performance under  s i m u l a t e d  a g i n g  r e f l e c t e d  t h e  e f f e c t  of bo th  
h igh  tempera ture  and h igh  space v c l o c i t y .  The performance seemed t o  he more 
s e n s i t i v e  t o  t e m p e r a t u r e ,  p a r t i c u l a r l y  w i t l i  r e s p e c t  to’ the p i t c h  f r a c t i o n  of  
t h e  bitumen. The i n i t i a l  h igh  p i t c h  c o n v e r s i o n  observed  c o u l d  r e s u l t  f rom 
molecular  weight  r e d u c t i o n  o r  growth.  Molecular  growth would r e s u l t  i n  
p r e c i p i t a t i o n  of coke ,  most o f  which would be r e t a i n e d  on  t h e  c a t a l y s t  s u r f a c e  
and r e a c t o r  walls.  The moleculor  weight  r c d u c t i o n  by c r a c k i n g  would g e n e r a t e  
compounds having a lower b o i l i n g  p o i n t  t h a n  t h o s e  c o n t a i n e d  i n  t h e  p i t c h .  It 
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is a p p a r e n t  t h a t ,  whereas  both  of  t h c  l a t t e r  p r o c e s s e s  Iiavc taken  p l a c e  s imul-  
t a n e o u s l y ,  t h e  growth  r a t e  was much s m a l l e r  because  t h e  amount of coke  formed 
a c c o u n t s  f o r  o n l y  a f r a c t i o n  of  t h e  p i t c h  c o n v e r t e d .  However, t h e  h i g h  temper- 
a t u r e  of s i m u l a t e d  a g i n g  compared w i t h  t r u e  a g i n g  s h i f t e d  t h e  b a l a n c e  towards 
coke  format ion  a s  r e f l e c t e d  i n  r a p i d  c a t a l y s t  d e a c t i v a t i o n .  

L e s s  e x t e n s i v e  h y d r o g e n a t i o n  under s i m u l a t e d  a g i n g  c o n d i t i o n s ,  
i n d i c a t e d  by a l o w  H:C r a t i o ,  was presumably due t o  a h i g h  a r o m a t i c  carbon 
c o n t e n t .  An a n a l y s i s  by F o u r i e r  Transform C-13 N.M.R.  i n d i c a t e d  t h a t  t h e  
u n s a t u r a t e d  c a r b o n  r e p r e s e n t e d  a b o u t  30% of t h e  t o t a l  carbon i n  t h e  i n i t i a l  
p r o d u c t  of s i m u l a t e d  a g i n g  com a r e d  w i t h  a b o u t  20% of t h a t  o f  t r u e  a g i n g .  The 
f o l l o w i n g  r e a s o n s  may be c o n s '  1 c r c d  to a c c o u n t  f o r  changes  i n  t h e  a r o m a t i c  
c a r b o n  c o n t e n t .  More e x t e n s i v e  s p l i t t i n g  of s i d e  c h a i n s  from a r o m a t i c  r l n g s  
caused  by t h e  h i g h e r  t e m p e r a t u r e  could  liave y i e l d e d  more g a s  i n  t h e  product .  
A p a r t  from h y d r o c r a c k i n g  r e a c t i o n s ,  t h e  h i g h e r  t e m p e r a t u r e  a l s o  s h i f t s  t h e  
naphthenes-aromat ics  e q u i l i b r i a  towards  f o r m a t i o n  of a r o m a t i c s  (6) .  I n  add- 
i t i o n  t o  t h e  t e m p e r a t u r e  e f f e c t s ,  t h e  h i g h  s p a c e  v e l o c i t y  of s i m u l a t e d  ag ing  
may have h i n d e r e d  t h e  e x t e n t  of  hydrogcnat ion  hccausc  of t h e  s h o r t e r  c o n t a c t  
t ime . 
Link between S i m u l a t e d  and True  Aging 

S i n c e  t h e  r a t e  of d e a c t i v a t i o n  under  s i m u l a t e d  a g i n g  c o n d i t i o n s  
c o u l d  not  e a s i l y  be  r e l a t e d  t o  t h e  r a t e  of  d e a c t i v a t i o n  under  t r u e  a g i n g  
c o n d i t i o n s ,  a s e r i e s  of  e x p e r i m e n t s  was performed i n  which a l i n k  was sought  
between s i m u l a t e d  and t r u e  a g i n g .  The purpose  of t h e s e  exper iments  w a s  t o  
measure t h e  l e v e l  of a c t i v i t y  under  t r u e  a g i n g  c o n d i t i o n s  a f t e r  t h e  c a t a l y s t  
had been s u b j e c t e d  to  s i m u l a t c d  a g i n g  c o n d i t i o n s  f o r  a c c r t a i n  p e r i o d  of 
t ime,  and t h e n  t o  g r a p h i c a l l y  e s t i m a t e  t h e  t i m e  i n  which t h e  c a t a l y s t  would 
d e t e r i o r a t e  enough t o  r e a c h  t h i s  l e v e l  of a c t i v i t y  w h i l e  being s u b j e c t e d  t o  
t r u e  ag ing  c o n d i t i o n s .  

The a c t i v i t y  l e v e l s  de te rmined  f o r  t h r e e  d i f f e r e n t  t i m e  p e r i o d s  under  
s i m u l a t e d  a g i n g  a r e  marked on t h e  r igh t -hand s i d e  of t h e  c u r v e s  i n  F i g . 1 .  By 
a p p l y i n g  t h e s e  r e s u l t s  i t  was e s t i m a t e d  t h a t  2 h o u r s  of  o p e r a t i o n  under  s i m u l -  
a t e d  ag ing  c o n d i t i o n s  would cor respond t o  about  50-70 hours  under  t r u e  ag ing .  
and s i m i l a r l y ,  4 h o u r s  t o  100-150 h o u r s ,  and 6 h o u r s  to  150-200 h o u r s .  Hence, 
assuming t h a t  s i m u l a t e d  a g i n g  is  a p p r o x i m a t e l y  30 t i m e s  f a s t e r  t h a n  t r u e  a g i n g ,  
one  could  e x t r a p o l a t e  t h c  p a t t c r n  of t r u e  a g i n g  and s p c c u l a t e  t h a t  i t  would 
l e v e l  o f f  i n  a b o u t  400 h o u r s  of o p e r a t i o n .  

E s t i m a t i n g  t h e  l i n k  hetwecn t r u e  and s i m u l a t e d  ag ing  i n  F i g . 1  i s  an  
approximat ion  o n l y .  However, i t  is a p p a r e n t  t h a t  by u s i n g  s i m u l a t e d  a g i n g  
c o n d i t i o n s ,  t h e  d e a c t i v a t i o n  was a c c e l e r a t e d  s u f f i c i e n t l y  t o  proceed s u b s t a n t -  
i a l l y  i n  a v e r y  s h o r t  t i m e .  I t  i s  expec ted  t h a t  by a p p l y i n g  t h i s  method t o  a 
number of c a t a l y s t s ,  p r e l i m i n a r y  i n f o r m a t i o n  c a n  be o b t a i n e d  by comparing t h e i r  
d e a c t i v a t i o n  p a t t e r n s  such  a s  t h e  one shown i n  F i g . 2 .  T h i s  i n f o r m a t i o n  would 
t h e n  be a v a i l a b l e  e i t h e r  i n  a d d i t i o n  to  t h e  t r u e  a g i n g  d a t a ,  or f o r  u s e  w i t h  
c a t a l y s t s  on which t r u e  a g i n g  tests a r e  n o t  w a r r a n t e d .  
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S p e c i f i c  g r a v i t y  (15/lS°C) and s u l p h u r  conten t  (wt X) 
i n  t h e  l i q u i d  product  v e r s u s  t i m e  on stream (h) d u r i n g  
t r u e  ag ing .  
A c t i v i t y  levels  on right-hand s i d e  r e l a t e  to  d i f f e r e n t  
t i m e  p e r i o d s  under s imula ted  a g i n g .  

0 i n d i c a t e s  h igh  space  v e l o c i t y  experiments .  
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Fig.2 S p e c i f i c  g r a v i t y  (15/lSoC) and s u l p h u r  c o n t e n t  (ut  I) 
i n  t h e  l i q u i d  product  v e r s u s  time on stream (h) d u r i n g  
s imulated ag ing .  
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